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(57) A heat exchanger unit according to the present
invention comprises: a sensible heat exchanger includ-
ing a sensible heat exchange pipe disposed in a sensible
heat exchange area for heating water used for heating
by receiving sensible heat generated by a combustion
reaction, wherein the sensible heat exchange pipe re-
ceives the water used for heating and flows same through
the interior, and a sensible heat fin disposed in the sen-
sible heat exchange area, wherein the sensible heat fin
is formed in a plate shape across the sensible heat ex-
change pipe and penetrated by the sensible heat ex-
change pipe; and a latent heat exchanger positioned
downstream from the sensible heat exchange area on
the basis of a reference direction, which is a flow direction
of combustion gas generated during the combustion re-
action, the latent heat exchanger including a latent heat
exchange pipe disposed in a latent heat exchange area
for heating the water used for heating by receiving latent
heat generated during a phase change of the combustion
gas, wherein the latent heat exchange pipe receives the
water used for heating and flows same through the inte-
rior, and a latent heat fin disposed in the latent heat ex-
change area, wherein the latent heat fin is formed in a
plate shape across the latent heat exchange pipe and
penetrated by the latent heat exchange pipe.
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Description
[Technical Field]

[0001] The present disclosure relates to a condensing
boiler and a heat exchanger unit used therein.

[Background Art]

[0002] A boiler is an apparatus for heating a desired
area by heating fluid in a container. Accordingly, to heat
up heating-water of the boiler, the boiler generally has a
heat source, a burner including the heat source, and a
heat exchanger unit for heating the heating-water using
combustion gas. In a condensing boiler that comprehen-
sively uses heat of combustion gas, sensible heat gen-
erated from a burner is supplied to heating-water, and
the sensible heat of the combustion gas generated from
the burner and latent heat caused by a phase change of
the combustion gas are supplied to the heating-water.
Accordingly, the heating-water is heated.

[0003] To supply the sensible heat and the latent heat
to the heating-water, a method of locating a container for
storing the heating-water in a position close to an area
in which the combustion gas flows and a heat source for
supplying sensible heatis mainly used. Heat is indirectly
transferred to the heating-water through the container to
raise the temperature of the heating-water to a temper-
ature appropriate for heating, and thereafter the heating-
water is supplied to an area that has to be heated.
[0004] A plate type heat exchanger unit having a plu-
rality of stacked plates is mainly used for the heat transfer.
However, the plate type heat exchanger unit has prob-
lems of a difficulty in a manufacturing process and high
cost despite excellent thermal efficiency.

[Disclosure]
[Technical Problem]

[0005] The presentdisclosure has been made to solve
the above-mentioned problems occurring in the prior art.
An aspect of the present disclosure provides condensing
boiler and a heat exchanger unit used therein that has
excellent thermal efficiency while using a fin-tube type
heat exchange device.

[Technical Solution]

[0006] A heat exchanger unit according to an embod-
iment of the present disclosure includes a sensible heat
exchanging part including a sensible heat exchange pipe
that is disposed in a sensible heat exchange area for
receiving sensible heat generated by a combustion re-
action and heating heating-water and that receives the
heating-water and allows the heating-water to flow there-
through and a sensible heat fin disposed in the sensible
heat exchange area and formed in a plate shape across
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the sensible heat exchange pipe such that the sensible
heat exchange pipe passes through the sensible heat
fin, and a latent heat exchanging part including a latent
heat exchange pipe that is disposed in a latent heat ex-
change area for receiving latent heat generated during
aphase change of combustion gas and heating the heat-
ing-water and that receives the heating-water and allows
the heating-water to flow therethrough and a latent heat
fin disposed in the latent heat exchange area and formed
in a plate shape across the latent heat exchange pipe
such that the latent heat exchange pipe passes through
the latent heat fin, the latent heat exchange area being
located downstream of the sensible heat exchange area
based on a reference direction that is a flow direction of
the combustion gas generated during the combustion re-
action.

[0007] A condensing boiler according to an embodi-
ment of the present disclosure includes a burner assem-
bly causes a combustion reaction, a combustion cham-
ber located downstream of the burner assembly on the
basis of a flow direction of a combustion gas generated
by the combustion reaction, and in which flame generat-
ed by the combustion reaction is located and a heat ex-
changer unit configured to receive sensible heat and the
combustion gas generated by the combustion reaction
to heat heating-water. The heat exchanger unit includes
a sensible heat exchanging partincluding a sensible heat
exchange pipe disposed in a sensible heat exchange ar-
ea and configured to receive the heating-water and allow
the heating-water to flow therethrough and a sensible
heat fin disposed in the sensible heat exchange area and
formed in a plate shape across the sensible heat ex-
change pipe such that the sensible heat exchange pipe
passes through the sensible heat fin, the sensible heat
exchange area being configured to receive sensible heat
generated by a combustion reaction and to heat the heat-
ing-water, the heat exchanger unit includes a latent heat
exchanging part including a latent heat exchange pipe
disposed in a latent heat exchange area and configured
to receive the heating-water and allow the heating-water
to flow therethrough and a latent heat fin disposed in the
latent heat exchange area and formed in a plate shape
across the latent heat exchange pipe such that the latent
heat exchange pipe passes through the latent heat fin,
the latent heat exchange area being located downstream
of the sensible heat exchange area based on a reference
direction that is a flow direction of combustion gas gen-
erated during the combustion reaction and configured to
receive latent heat generated during a phase change of
the combustion gas and to heat the heating-water.

[Advantageous Effects]
[0008] Accordingly, heattransfer efficiency may notbe

deteriorated despite the use of an inexpensive and easy-
to-manufacture fin-tube type heat exchanger unit.
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[Description of Drawings]

[0009]

FIG. 1is a vertical sectional view of part of an exem-
plary heat exchanger unit.

FIG. 2is a vertical sectional view of a heat exchanger
unit and a condensing boiler using the same accord-
ing to a first embodiment of the present disclosure.
FIG. 3 is a side view of the heat exchanger unit and
the condensing boiler using the same according to
the first embodiment of the present disclosure.

FIG. 4 is a plan view of a combustion chamber of the
heat exchanger unit according to the first embodi-
ment of the present disclosure.

FIG. 5 is a plan view of a sensible heat exchanger
of the heat exchanger unit according to the first em-
bodiment of the present disclosure.

FIG. 6 is a view illustrating an area where a sensible
heat exchange pipe and a sensible heat fin are dis-
posed in the vertical sectional view of the heat ex-
changer unit according to the first embodiment of the
present disclosure.

FIG. 7 is a view illustrating an area where a sensible
heat exchange pipe and a sensible heat fin are dis-
posed in a vertical sectional view of a heat exchanger
unit according to one modified example of the first
embodiment of the present disclosure.

FIG. 8is aviewillustrating a second general sensible
heat side plate of the heat exchanger unit according
to the first embodiment of the present disclosure and
flow passage caps included in a second flow pas-
sage cap plate when viewed from the outside along
a predetermined direction.

FIG. 9 is a view illustrating a first general sensible
heat side plate of the heat exchanger unit according
to the first embodiment of the present disclosure and
flow passage caps included in a first flow passage
cap plate when viewed from the inside along the pre-
determined direction.

FIG. 10 is a view illustrating a heat exchanger unit
according to another modified example of the first
embodiment of the present disclosure when viewed
from outside a second connection flow passage cap
plate.

FIG. 11 is a view illustrating a first connection flow
passage cap plate of the heat exchanger unit ac-
cording to the other modified example of the first em-
bodiment of the present disclosure.

FIG. 12is aview llustrating a partial area of a second
main general side plate of the heat exchanger unit
according to the other modified example of the first
embodiment of the present disclosure together with
flow passage caps included in the second connec-
tion flow passage cap plate when viewed from the
outside along a predetermined direction.

FIG. 13 is a view illustrating a first main general side
plate of the heat exchanger unit according to the oth-
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er modified example of the first embodiment of the
present disclosure together with flow passage caps
included in the first connection flow passage cap
plate when viewed from the inside along a predeter-
mined direction.

FIG. 14 is a perspective view illustrating a sensible
heat flow passage and a latent heat flow passage of
the heat exchanger unit according to the other mod-
ified example of the first embodiment of the present
disclosure.

FIG. 15is a vertical sectional view of a heat exchang-
er unit according to a second embodiment of the
present disclosure.

FIG. 16 is a front view illustrating a flow passage cap
plate of a heat exchanger unitaccording to a modified
example of the second embodiment of the present
disclosure together with pipes.

FIG. 17 is a vertical sectional view of a heat exchang-
er unit and a condensing boiler using the same ac-
cording to a third embodiment of the present disclo-
sure.

FIG. 18 is a side view of the heat exchanger unit and
the condensing boiler using the same according to
the third embodiment of the present disclosure.
FIG. 19 is a plan view of the heat exchanger unit
according to the third embodiment of the present dis-
closure.

FIG. 20 is a vertical sectional view of the heat ex-
changer unit according to the third embodiment of
the present disclosure.

FIG. 21 is a perspective view illustrating a plurality
of downstream fins according to the third embodi-
ment of the present disclosure and condensate lo-
cated therebetween.

FIG.22is a vertical sectional view of a heat exchang-
er unit according to a first modified example of the
third embodiment of the present disclosure.

FIG. 23 is a vertical sectional view of a heat exchang-
er unit according to a second modified example of
the third embodiment of the present disclosure.
FIG. 24 is a vertical sectional view of a heat exchang-
er unit according to a third modified example of the
third embodiment of the present disclosure.
FIG.25is a vertical sectional view of a heat exchang-
er unit according to a fourth modified example of the
third embodiment of the present disclosure.

FIG. 26 is a view illustrating a second general side
plate of the heat exchanger unit according to the third
embodiment of the present disclosure together with
flow passage caps included in the second flow pas-
sage cap plate.

FIG. 27 is a view illustrating a first general side plate
of the heat exchanger unit according to the third em-
bodiment of the present disclosure together with flow
passage caps included in the first flow passage cap
plate.

FIG. 28 is a perspective view illustrating all flow pas-
sages included in the heat exchanger unit according
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to the third embodiment of the present disclosure.
FIG. 29 is a perspective view illustrating a situation
in which the connection flow passage cap plates are
separated from each other in the heat exchanger
unit according to the other modified example of the
first embodiment of the present disclosure.

[Mode for Invention]

[0010] Hereinafter, some embodiments of the present
disclosure will be described in detail with reference to the
exemplary drawings. In adding the reference numerals
to the components of each drawing, it should be noted
that the identical or equivalent component is designated
by the identical numeral even when they are displayed
on otherdrawings. Further, in describing the embodiment
of the present disclosure, a detailed description of well-
known features or functions will be ruled out in order not
to unnecessarily obscure the gist of the present disclo-
sure.

[0011] In describing the components of the embodi-
ment according to the present disclosure, terms such as
first, second, "A", "B", (a), (b), and the like may be used.
These terms are merely intended to distinguish one com-
ponent from another component, and the terms do not
limit the nature, sequence or order of the components.
When a component is described as "connected", "cou-
pled", or "linked" to another component, this may mean
the components are not only directly "connected", "cou-
pled", or "linked" but also are indirectly "connected", "cou-
pled", or "linked" via a third component.

[0012] As a method of arranging a burner, heat ex-
changers, and a combustion chamber constituting a con-
densing boiler, a method of configuring the condensing
boiler by locating the burner at the lowermost position
and sequentially arranging the combustion chamber sur-
rounded by insulation of a dry type, a sensible heat ex-
changer of a fin-tube type, and a latent heat exchanger
of a plate type in an upward direction may be considered.
This type of condensing boiler is referred to as a bottom-
up boiler. In the case of the bottom-up boiler, condensate
generated by condensation of combustion gas in the la-
tent heat exchanger may fall onto the sensible heat ex-
changer and the combustion chamber. Therefore, the
sensible heat exchanger and the insulation of the dry
type that surrounds the combustion chamber may be
easily corroded by the condensate with high acidity. Fur-
thermore, as the different types of heat exchangers are
connected with each other, manufacturing costs may be
increased due to additional connecting parts.

[0013] To solve the problems caused by the conden-
sate, a method of configuring a condensing boiler by lo-
cating a burner at the uppermost position and sequen-
tially arranging a combustion chamber thermally insulat-
ed by being surrounded by a heat insulation pipe, a sen-
sible heat exchanger of a fin-tube type, and a latent heat
exchanger of a plate type in a downward direction may
be considered. This type of condensing boiler is referred
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to as a top-down boiler. In this case, as the latent heat
exchanger is located at the lowermost position, conden-
sate is immediately discharged through a condensate
receiver and does notreach the sensible heat exchanger
or the combustion chamber, and thus a problem of cor-
rosion may be solved. However, many parts including
the heat insulation pipe used to cool the combustion
chamber are used, and due to this, the number of as-
sembly steps is increased, which leads to an increase in
manufacturing costs. Furthermore, as the different types
of heat exchangers are connected with each other, man-
ufacturing costs may be increased due to additional con-
necting parts.

[0014] FIG. 1 is a vertical sectional view of part of an
exemplary heat exchanger unit. As illustrated in FIG. 1,
a top-down boiler may be used, and a method of per-
forming thermal insulation in a dry type by surrounding
acombustion chamber 102 and a sensible heatexchang-
er 103 with insulation 101 may be considered. Thatis, a
case where the insulation of a dry type, which is used for
the combustion chamber 102, is disposed to insulate heat
radiated from the area of the sensible heat exchanger
103 may be considered. However, in this case, due to
the sensible heat exchanger 103, flame generated
through a combustion reaction, and excessive heat gen-
erated from combustion gas, the insulation 101 may be
damaged, and the durability may be decreased. Further-
more, condensate is more likely to be generated in a
position adjacent to the sensible heat exchanger 103
than in the combustion chamber 102, and therefore when
the insulation 101, as in the drawing, further extends
downward beyond the position that the combustion
chamber 102 extends downward and reaches, the con-
densate may make contact with the insulation 101 of a
dry type so that the insulation 101 may be damaged.

First Embodiment

[0015] FIG. 2 is a vertical sectional view of a heat ex-
changer unit and a condensing boiler 1 using the same
according to the first embodiment of the present disclo-
sure. FIG. 3 is a side view of the heat exchanger unit and
the condensing boiler 1 using the same according to the
first embodiment of the present disclosure.

[0016] Referring to the drawings, the heat exchanger
unit according to the first embodiment of the present dis-
closure includes a sensible heat exchanger 30, a latent
heat exchanger 40, and sensible heat insulation pipes
34. The components constituting the heat exchanger unit
may be fixed in positions as illustrated.

[0017] Furthermore, the condensing boiler 1 including
the heatexchanger unitaccording to the firstembodiment
of the presentdisclosure includes a combustion chamber
20 and a burner assembly 10 including a burner 11. The
burner assembly 10 and the heat exchanger unit are dis-
posed in sequence along a flow direction D1 of combus-
tion gas, and components are arranged in the heat ex-
changer unit along the same direction in the order of the
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combustion chamber 20, the sensible heat exchanger
30, the latent heat exchanger 40, and the sensible heat
insulation pipes 34 disposed together with the sensible
heat exchanger 30. Accordingly, the components of the
condensing boiler 1 will be described below in the above-
described order of arrangement.

[0018] The heat exchanger unit and the condensing
boiler 1 using the same according to the firstembodiment
of the present disclosure will be described below based
on a top-down condensing boiler 1 in which combustion
gas flows vertically downward. Accordingly, the flow di-
rection D1 of the combustion gas that is represented by
an arrow may be the same as the vertical downward di-
rection at the position where the condensing boiler 1 is
installed. As the top-down condensing boiler 1 is select-
ed, condensate produced by condensation of the com-
bustion gas may be generated only at the lowermost side
of the condensing boiler 1 and may be immediately dis-
charged to the outside through a lower end of the con-
densing boiler 1. Accordingly, components constituting
the condensing boiler 1 may be prevented from being
corroded. However, the configuration of the present dis-
closure may be used for a bottom-up condensing boiler
capable of naturally forming a path of heating-water in a
downward direction by using a property by which heated
combustion gas is moved upward by convection.
[0019] The condensing boiler 1 according to the first
embodiment of the present disclosure may include a con-
densate receiver 55 located at the most downstream side
along the flow direction D1 of the combustion gas. When
condensate generated from the latent heat exchanger
40 drops in the vertically downward direction by the
weight of the condensate, the condensate receiver 55
may collect the condensate. To allow the collected con-
densate to be discharged through a condensate outlet
53 extending in the vertically downward direction, the
condensate receiver 55 may have an inner surface in-
clined toward the condensate outlet 53.

[0020] Furthermore, to allow residual combustion gas
to be discharged at the same time that the condensate
is discharged, an exhaust duct 52 may be formed so as
to be in communication with the condensate receiver 55.
The exhaust duct 52 extends in the vertically upward di-
rection and discharges the residual combustion gas to
the outside.

Burner Assembly 10

[0021] The burner assembly 10 is a component that
includes the burner 11 radiating heat and that causes a
combustion reaction of injected fuel and air to generate
combustion gas.

[0022] A premix burner may be used as the burner as-
sembly 10 used in the condensing boiler 1 according to
the first embodiment of the present disclosure. The
premix type burner is a device that mixes injected air and
fuel at a predetermined ratio and burns the mixed air and
fuel using radiating heat to generate combustion gas. For
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this operation, the burner assembly 10 according to the
first embodiment of the present disclosure may include
a mix chamber 12 that is a space in which mixed fuel for
acombustion reaction is prepared by mixing injected fuel
and air at a predetermined ratio, and the burner 11 that
applies heat to the mixed fuel mixed by the mix chamber
12. The burner assembly 10 having the above-described
structure is provided to obtain optimal fuel efficiency and
thermal efficiency by causing a combustion reaction by
heating air and fuel mixed at a ratio appropriate for the
combustion reaction.

[0023] To supply air into the mix chamber 12 and blow
combustion gas generated in the burner assembly 10 in
the vertically downward direction, the condensing boiler
1 of the present disclosure may further include a blower
54. The blower 54 may include a pump that is connected
with the mix chamber 12 and that forcibly delivers air
toward the burner assembly 10 that is connected to the
mix chamber 12 in the vertically downward direction.

Combustion Chamber 20

[0024] FIG.4isaplanview of the combustion chamber
20 according to the first embodiment of the present dis-
closure.

[0025] The combustion chamber 20 will be described
below with reference to FIG. 4 together with FIGS. 2 and
3. The combustion chamber 20 is a component that in-
cludes an interior space 22 provided such that flame that
a combustion reaction by the burner assembly 10 gen-
erates is located. Accordingly, the combustion chamber
20 is formed by surrounding the interior space 22 with
sidewalls. The burner assembly 10 and the combustion
chamber 20 are coupled such that the burner 11 of the
burner assembly 10 is located upstream of the interior
space 22 based on the flow direction D1 of the combus-
tion gas.

[0026] The burner assembly 10 applies heat to air and
fuel to cause a combustion reaction. Flame and combus-
tion gas accompanied by thermal energy are generated
as products of the combustion reaction. The flame is lo-
cated in the interior space 22 of the combustion chamber
20, but extends from the burner assembly 10 along the
flow direction D of the combustion gas. The combustion
gas flows through the interior space 22. The interior
space 22 of the combustion chamber 20 may be con-
nected in a direction parallel to the flow direction D 1 of
the combustion gas. In the first embodiment of the
present disclosure, the flow direction D1 of the combus-
tion gas is the vertically downward direction, and there-
fore the interior space 22 of the combustion chamber 20
is formed to be connected in the vertical direction.
[0027] A combustion chamber heat insulation part 24
may be formed on at least a partial area of an inner sur-
face of a combustion chamber sidewall 21 constituting
the combustion chamber 20. The combustion chamber
sidewall 21 may be constituted by two general side plates
211 parallel to each other and two heat insulation side
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plates 212 perpendicular to the general side plates 211
and parallel to each other and may be formed in a rec-
tangular parallelepiped shape. The combustion chamber
heat insulation part 24 may be disposed on the insides
of the heat insulation side plates 212. The combustion
chamber heat insulation part 24 may be formed of insu-
lation blocking a heat flow and may reduce the amount
by which heat generated by the combustion reaction is
transferred outside the combustion chamber 20 through
inner surfaces of the combustion chamber 20. The
amount of heat transferred from the interior space 22 of
the combustion chamber 20 to the outside of the com-
bustion chamber 20 may be reduced by the combustion
chamber heat insulation part 24. A porous polystyrene
panel decreasing a heat flow or a needle mat made of
silica, which is an inorganic material, may be used as an
example of the insulation. However, the type of the insu-
lation is not limited thereto.

[0028] The combustion chamber heat insulation part
24 may be disposed on the general side plates 211 of
the combustion chamber 20 as well, and thus an addi-
tional thermal insulation effect may be obtained by sur-
rounding the entire interior space 22 of the combustion
chamber 20 with the insulation.

[0029] A heatinsulation pipe through which fluid flows
may be disposed around the combustion chamber 20 for
thermal insulation. However, in a case where a large
number of heat insulation pipes are used, a lot of cost is
consumed in production. However, because the heat ex-
changer unit of the present disclosure is implemented in
the top-down type, condensation of condensate does not
occur in the combustion chamber 20, and there is no risk
of corrosion. Accordingly, the combustion chamber 20 of
a dry type that uses insulation cheaper than a heat insu-
lation pipe as a material of which the combustion cham-
ber heat insulation part 24 is made may be configured.

[0030] The length of the combustion chamber heat in-
sulation part 24 may be determined such that the com-
bustion chamber heat insulation part 24 surrounds only
the interior space 22 of the combustion chamber 20 with-
out surrounding the sensible heat exchanger 30, which
will be described below, based on the flow direction D1
of the combustion gas. That is, the combustion chamber
heat insulation part 24 may be provided so as not to be
located inside a sensible heat exchanger case 31 that
will be described below. Accordingly, in the case where
the insulation 101 is disposed as illustrated in FIG. 1, the
insulation 101 may be damaged by excessive heat and
condensate, whereas in the first embodiment of the
present disclosure, the combustion chamber heat insu-
lation part 24 is disposed as illustrated in FIG. 2, and thus
excessive heat generated from the sensible heat ex-
changer 30 may not be transferred to the combustion
chamber heat insulation part 24.

Sensible Heat Exchanger 30

[0031] FIG. 5 is a plan view of the sensible heat ex-
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changer 30 of the heat exchanger unit according to the
first embodiment of the present disclosure. FIG. 6 is a
view illustrating an area where a sensible heat exchange
pipe 32 and a sensible heat fin 33 are disposed in the
vertical sectional view of the heat exchanger unit accord-
ing to the first embodiment of the present disclosure.
[0032] A basic configuration of the sensible heat ex-
changer 30 will be described below with reference to
FIGS. 2, 3, 5, and 6.

[0033] The sensible heat exchanger 30 is disposed
downstream of the combustion chamber 20 based on the
flow direction D1 of the combustion gas. The sensible
heat exchanger 30 is a component that receives, by ra-
diant heat and convection of the combustion gas, sensi-
ble heat generated by a combustion reaction triggered
by the burner assembly 10 located over the sensible heat
exchanger 30 and that heats heating-water flowing in the
sensible heat exchanger 30.

[0034] Specifically, the sensible heat exchanger 30 in-
cludes the sensible heat exchange pipe 32 through which
the heating-water flows and around which the combus-
tion gas flows, and the sensible heat exchanger case 31
into which opposite ends of the sensible heat exchange
pipe 32 are inserted. The sensible heat exchange pipe
32 is located in the sensible heat exchanger case 31,
and the combustion gas flows around the sensible heat
exchange pipe 32 to indirectly exchange heat with the
heating-water.

[0035] The sensible heat exchange pipe 32 extends
along a predetermined direction D2 in a space formed in
the sensible heatexchanger case 31. The predetermined
direction D2 may preferably be a direction perpendicular
to the flow direction D1 of the combustion gas. The sen-
sible heat exchange pipe 32 may include a plurality of
straight portions 321, 322, 323, and 324 arranged to be
spaced apart from each other along an orthogonal direc-
tion perpendicular to the one direction and the flow di-
rection D1 of the combustion gas.

[0036] The plurality of straight portions 321, 322, 323,
and 324 are arranged, and flow passage cap plates 361
and 362 that will be described below exist to connectend
portions of the straight portions 321, 322, 323, and 324
inserted into insertion holes formed in general sensible
heat side plates 311 of the sensible heat exchanger case
31 that will be described below. The set of the straight
portions 321, 322, 323, and 324 forms the one sensible
heat exchange pipe 32. Accordingly, a continuous wind-
ing flow passage of the heating-water may be formed by
the arrangement of the sensible heat exchange pipe 32.
[0037] For example, in a case where the straight por-
tions 321, 322, 323, and 324 of FIG. 5 are connected in
series, the heating-water may be heated by receiving
sensible heat of the combustion gas and the burner as-
sembly 10 while passing through the sensible heat ex-
change pipe 32 in such a manner that the heating-water
introduced in the direction of the arrow illustrated in FIG.
5is discharged by flowing to the rightin the drawing along
the first outer straight portion 321 included in the sensible
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heat exchange pipe 32, flowing to the left in the drawing
along the intermediate straight portion 323 located under
the first outer straight portion 321 in the drawing, flowing,
in a discharge step, to the right in the drawing along the
intermediate straight portion 324 located over the second
outer straight portion 322 in the drawing, and moving to
the left in the drawing along the second outer straight
portion 322.

[0038] A turbulator (notillustrated) having a shape that
hampers a flow of the heating-water to make the flow of
the heating-water turbulent may be disposed in the sen-
sible heat exchange pipe 32.

[0039] The sensible heat exchanger case 31 may be
constituted by two general side plate portions spaced
apart from each other in the predetermined direction D2
and parallel to each other and two heat insulation side
plate portions spaced apart from each other along an
orthogonal direction perpendicular to the predetermined
direction D2 and parallel to each other and may be formed
in the form of a rectangular parallelepiped. The general
side plate portions and the heat insulation side plate por-
tions may be general side plates and heat insulation side
plates that are separate from each other and may be
partial areas of a side plate of an integrated heat ex-
changer case. In this disclosure, it will be exemplified that
the general side plate portions and the heat insulation
side plate portions are formed of general side plates and
heat insulation side plates that are separate from each
other.

[0040] The general sensible heat side plates 311 and
sensible heat insulation side plates 312 form the interior
space of the sensible heat exchanger case 31. Here, the
sensible heat insulation side plates 312 are used with
the meaning of side plates to which the sensible heat
insulation pipes 34 are disposed to be adjacent, rather
than the meaning of side plates that reduce the amount
of heat transferred to the outside, thereby achieving ther-
mal insulation.

[0041] The general sensible heat side plates 311 may
include a first general sensible heat side plate 3111 and
a second general sensible heat side plate 3112 spaced
apart from each other along the predetermined direction
D2. The opposite ends of the straight portions 321, 322,
323, and 324 constituting the sensible heat exchange
pipe 32 may be inserted into the first general sensible
heat side plate 3111 and the second general sensible
heat side plate 3112, and thus the straight portions 321,
322,323, and 324 may be accommodated in the sensible
heat exchanger case 31. The combustion gas flows in
the space formed in the sensible heat exchanger case
31 and moves from the combustion chamber 20 to a la-
tent heat exchanger case 41 that will be described below.
[0042] The sensible heat insulation pipes 34 may be
disposed adjacent to the sensible heat exchanger 30.
The sensible heat insulation pipes 34 are pipe type com-
ponents that are disposed to thermally insulate the sen-
sible heat exchanger 30 by allowing the heating-water to
flow through the components. Here, the thermal insula-
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tionincludes both confining heatin any position to prevent
heat transfer and absorbing heat released from any po-
sition to the outside so as to decrease the amount of heat
finally released to the outside. The meaning of the ther-
mal insulation may be identically applied to other embod-
iments of the present disclosure and modified examples
thereof.

[0043] Specifically, the sensible heat insulation pipes
34 may be disposed adjacent to the outsides of the sen-
sible heat insulation side plates 312. The sensible heat
insulation pipes 34 may be disposed adjacent to the two
sensible heat insulation side plates 312, respectively.
The sensible heat insulation pipes 34 may be disposed
to make contact with the outsides of the sensible heat
insulation side plates 312, or the sensible heat insulation
pipes 34 may be disposed in positions spaced apart from
the outsides of the sensible heat insulation side plates
312.

[0044] Referringtothe drawings,inthe heatexchanger
unit according to the first embodiment of the present dis-
closure, a first sensible heat insulation pipe 341 and a
second sensible heat insulation pipe 342 are spaced
apart from each other and are disposed along the out-
sides of the sensible heat insulation side plates 312. In
FIG. 5, the sensible heat insulation pipes 34 are illustrat-
ed as being located inward of the sensible heat insulation
side plates 312. However, the sensible heat insulation
side plates 312 cover the sensible heat insulation pipes
34 at the same time as being located inward of the sen-
sible heat insulation pipes 34 inside the sensible heat
exchanger 30, and the positions of the sensible heat in-
sulation pipes 34 are illustrated for convenience of de-
scription. Accordingly, the sensible heat insulation pipes
34 covered by the sensible heat insulation side plates
312 are actually located in the area where the sensible
heat insulation pipes 34 are illustrated in FIG. 5, and in
the plan view, the sensible heat insulation pipes 34 do
not appear.

[0045] Accordingly, the sensible heat insulation pipes
34 are located outside the sensible heat exchanger case
31 through which the combustion gas passes, and there-
fore the sensible heat insulation pipes 34 may not cross
or meetthe combustion gas. The sensible heat insulation
pipes 34 may not be used for heat exchange between
the combustion gas and the heating-water, but may per-
form only a thermalinsulation function of blocking release
of heatfrom the sensible heat exchanger 30 to the outside
by using the heating-water.

[0046] The sensible heat insulation pipes 34 may be
disposed to be spaced apart from the combustion cham-
ber 20 along the flow direction D1 of the combustion gas
without making contact with the combustion chamber 20.
Accordingly, the sensible heat insulation pipes 34 may
not be used for thermal insulation of the combustion
chamber 20, but may be used only for thermal insulation
of the sensible heat exchanger 30.

[0047] The sensible heatinsulation pipes 34, together
with the sensible heat exchange pipe 32, form a sensible
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heatflow passage through which the heating-water flows.
[0048] The shape of interior spaces of the sensible
heat insulation pipes 34, as illustrated in FIGS. 2 and 6,
may be formed in an oval shape in a cross-section ob-
tained by cutting the sensible heat insulation pipes 34
with a plane perpendicular to the direction in which the
sensible heatinsulation pipes 34 extend. Specifically, the
interior spaces of the sensible heat insulation pipes 34
may be formed in an oval shape having a long axis par-
allel to the flow direction D1 of the combustion gas.
[0049] The sensible heat insulation pipes 34 may be
located adjacent to the sensible heat insulation side
plates 312 of the sensible heat exchanger 30 and may
be disposed at an upstream side based on the flow di-
rection D1 of the combustion gas. That is, the sensible
heat insulation pipes 34 may be disposed closer to the
combustion chamber 20 than the latent heat exchanger
40 that will be described below. Flame generated by the
burner assembly 20 in the combustion chamber 20 may
reach downstream of the combustion chamber 20 based
on the flow direction D1 of the combustion gas, and there-
fore the upstream side of the sensible heat exchanger
30 may have a highesttemperature while making contact
with the combustion chamber 20. Accordingly, the sen-
sible heat insulation pipes 34 may be disposed adjacent
to the upstream side of the sensible heat exchanger 30
and may thermally insulate the upstream side of the sen-
sible heat exchanger 30 from which a large amount of
heatis released due to the largest temperature difference
between the interior space of the sensible heat exchang-
er 30 and the outside. However, the sensible heat insu-
lation pipes 34 may be located in the center based on
the flow direction D1 of the combustion gas.

[0050] The sensible heat exchanger 30 may further in-
clude the sensible heat fin 33 capable of raising the ther-
mal conductivity of the sensible heat exchange pipe 32,
and thus the sensible heat exchanger 30 of a fin-tube
type may be formed. The sensible heat fin 33 is formed
in a plate shape that is perpendicular to the direction in
which the sensible heat exchange pipe 32 extends, and
the sensible heat exchange pipe 32 passes through the
sensible heat fin 33. A plurality of sensible heat fins 33
may be disposed to be spaced apart from each other at
predetermined intervals along the predetermined direc-
tion D2 in which the sensible heat exchange pipe 32 ex-
tends. The sensible heat exchange pipe 32 and the sen-
sible heat fin 33 may be formed of a metallic material with
high thermal conductivity to increase the surface area of
the sensible heat exchange pipe 32 from which the sen-
sible heat fin 33 receives sensible heat, thereby trans-
ferring a larger amount of sensible heat to the heating-
water.

[0051] In a cross-section obtained by cutting the sen-
sible heat exchange pipe 32 with a plane perpendicular
to the predetermined direction D2 in which the sensible
heat exchange pipe 32 extends, the interior space of the
sensible heat exchange pipe 32 may be formed in the
shape of along hole that extends along the flow direction
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D1 of the combustion gas. As can be seen in FIG. 6, the
sensible heat exchange pipe 32 according to the first
embodiment of the present disclosure may have a flat
long hole shape formed such that a value obtained by
dividing the length of the interior space of the sensible
heat exchange pipe 32 in the cross-section based on the
flow direction D1 of the combustion gas by the width ac-
cording to the direction perpendicular to the flow direction
D1 of the combustion gas equals 2 or more.

[0052] When the flat type pipe having the above-de-
scribed shape is employed for the sensible heat ex-
change pipe 32, due to a wider heat exchange area in
the relationship with combustion gas, the heating-water
may receive a larger amount of heat and may be suffi-
ciently heated even though flowing along the sensible
heat exchange pipe 32 having the same length, as com-
pared with when a pipe having a different shape, such
as a circular shape or an oval shape, is employed for the
sensible heat exchange pipe 32.

[0053] A through-hole through which the sensible heat
exchange pipe 32 passes may be formed in the sensible
heat fin 33. The area of the through-hole may be equal
to or smaller than the area of the sensible heat exchange
pipe 32, and the sensible heat exchange pipe 32 may be
firmly inserted into the through-hole. Furthermore, the
sensible heat fin 33 may be integrally coupled with the
sensible heat exchange pipe 32 through brazing welding.
[0054] However, the sensible heat insulation pipes 34
are not coupled with the sensible heat fin 33. The sensible
heatinsulation pipes 34 are notfastened with the sensible
heat fin 33, and the sensible heat insulation pipes 34 and
the sensible heat fin 33 may be disposed on opposite
sides with the sensible heat insulation side plates 312
therebetween. The sensible heat fin 33 and the sensible
heat insulation pipes 34 may make contact with the sen-
sible heat insulation side plates 312, but the sensible
heat fin 33 and the sensible heat insulation pipes 34 do
not make direct contact with each other. Because the
sensible heat insulation pipes 34, as described above,
are disposed for thermal insulation of the sensible heat
exchanger 30 rather than for heat exchange between the
combustion gas and the heating-water, the sensible heat
fin 33 and the sensible heat insulation pipes 34 are not
directly connected with each other. Accordingly, the sen-
sible heat fin 33 and the sensible heat insulation pipes
34 are disposed so as not to cross each other.

[0055] A common louver hole 331 may be additionally
formed in the sensible heat fin 33 along the predeter-
mined direction D2 in which the sensible heat exchange
pipe 32 extends. The louver hole 331 may be formed by
punching. The louver hole 331 includes a burr raised
along the periphery thereof. When the combustion gas
flows, the burr blocks the combustion gas to cause the
combustion gas to flow around the sensible heat ex-
change pipe 32, thereby facilitating heat exchange be-
tween the combustion gas and the heating-water.
[0056] A plurality of louver holes 331 may be formed.
The louver holes 331, asiillustrated in FIG. 6, may include
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a plurality of first louver holes 3311 that extend in an
oblique direction with respect to the flow direction D1 of
the combustion gas and that are formed in the outermost
portions of the sensible heat fin 33, and a plurality of
second louver holes 3312 that are formed between the
sensible heat exchange pipes 32 adjacent to each other
and that extend in the direction perpendicular to the flow
direction D1 of the combustion gas. The louver holes 331
may be disposed to be spaced apart from each other at
predetermined intervals along the flow direction D1 of
the combustion gas.

[0057] The sensible heatfin 33 may furtherinclude val-
leys 334 and protruding portions 333. The sensible heat
fin 33 may be basically formed to surround the sensible
heat exchange pipe 32. The sensible heat fin 33 may
surround areas corresponding to a predetermined width
from the peripheries of upstream-side end portions of the
sensible heat exchange pipe 32 based on the flow direc-
tion D1 of the combustion gas such that the areas are
distinguished from the remaining areas of the sensible
heat exchange pipe 32. Accordingly, between the adja-
cent upstream-side end portions of the sensible heat ex-
change pipe 32, the valleys 334 may be concavely
formed in the sensible heat fin 33 along the flow direction
D1 of the combustion gas. The areas of the sensible heat
fin 33 that are adjacent to the upstream-side end portions
of the sensible heat exchange pipe 32 relatively protrude
to form the protruding portions 33. Unnecessary areas
are open by forming the valleys 334, and thus the com-
bustion gas may more freely flow between the sensible
heat fin 33 and the sensible heat exchange pipe 32.
[0058] The sensible heat fin 33 may further include
concave portions 332. The concave portions 332 are con-
cavely formed from a downstream-side edge of the sen-
sible heat fin 33 toward downstream-side end portions
of the sensible heat exchange pipe 32 based on the flow
direction D1 of the combustion gas. The purpose of form-
ing the concave portions 332 is similar to the purpose of
forming the valleys 334.

[0059] According to one modified example of the first
embodiment, the shapes of a sensible heat exchange
pipe 62, sensible heat insulation pipes 64, and a sensible
heat fin 63 may be deformed. FIG. 7 is a view illustrating
an area where the sensible heat exchange pipe 62 and
the sensible heat fin 63 are disposed in a vertical sec-
tional view of a heat exchanger unit according to the one
modified example of the first embodiment of the present
disclosure.

[0060] According to the one modified example of the
first embodiment, the sensible heat insulation pipes 64
may be disposed adjacent to an upstream side of a sen-
sible heat exchanger 60 based on the flow direction of
the combustion gas, which is one of directions in which
the cross-section of the illustrated sensible heat ex-
change pipe 62 extends, and a cross-section obtained
by cutting the sensible heat insulation pipes 64 with a
plane perpendicularto a predetermined directionin which
the sensible heat insulation pipes 64 extend may have a
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circular shape. Furthermore, unlike in FIG. 6, the sensible
heat insulation pipes 64 may be disposed adjacent to an
inner surface of a heat insulation side plate 65. Unlike in
the first embodiment of FIG. 6, six sensible heat ex-
change pipes 62 may be provided in the one modified
example of the first embodiment of FIG. 7. However, the
number of sensible heat exchange pipes 62 is not limited
thereto.

[0061] According to the one modified example of the
first embodiment, likewise to second louver holes 6312,
first louver holes 6311 of the sensible heat fin 63 may
extend in a direction perpendicular to the flow direction
of the combustion gas. Various modifications can be
made to the shape of louver holes 631.

[0062] The flow passage cap plates 361 and 362 of
the sensible heat exchanger 30 according to the firstem-
bodiment will be described below with reference to FIGS.
2,3,5,6,8,and 9. FIG. 8 is a view illustrating the second
general sensible heat side plate 3112 according to the
first embodiment of the present disclosure and flow pas-
sage caps included in the second flow passage cap plate
362 when viewed from the outside along the predeter-
mined direction D2. FIG. 9 is a view illustrating the first
general sensible heat side plate 3111 of the heat ex-
changer unit according to the first embodiment of the
present disclosure and flow passage caps included in
the first flow passage cap plate 361 when viewed from
the inside along the predetermined direction D2.

[0063] ReferringtoFIG. 29 forexplaining another mod-
ified example of the first embodiment of the present dis-
closure, FIG. 8 is view in which flow passage caps 3621,
3622, and 3623 of the second flow passage cap plate
362 are illustrated by dotted lines on a view of the second
general sensible heat side plate 3112, the straight por-
tions 321, 322, 323, and 324 of the sensible heat ex-
change pipe 32, and the sensible heat insulation pipes
341 and 342 of the first embodiment of the present dis-
closure that corresponds to a view of a second main gen-
eral side plate 5112 and pipes 32,42, 341, and 342 cou-
pled thereto when viewed from a second connection flow
passage cap plate 72 of FIG. 29 along line H-H’. FIG. 9
is a view in which flow passage caps 3611 and 3612 of
the first flow passage cap plate 361 are illustrated by
dotted lines on a view of the first general sensible heat
side plate 3111, the straight portions 321, 322, 323, and
324 of the sensible heat exchange pipe 32, and the sen-
sible heat insulation pipes 341 and 342 of the first em-
bodiment of the present disclosure that corresponds to
a view of a first main general side plate 5111, into which
a first connection flow passage cap plate 71 is inserted,
when viewed along line G-G’ of FIG. 29 for explaining
the other modified example of the first embodiment of
the present disclosure.

[0064] The heat exchanger unit may include the plu-
rality of flow passage cap plates 361 and 362 including
a plurality of flow passage caps that connect the sensible
heat insulation pipes 34 and end portions of the sensible
heat exchange pipe 32 adjacent to the sensible heat in-
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sulation pipes 34 or connect the straight portions 321,
322, 323, and 324 adjacent to each other among the
plurality of straight portions 321, 322, 323, and 324. The
flow passage cap plates 361 and 362 may include the
flow passage caps and may connect the straight portions
321, 322, 323, and 324 spaced apart from each other,
thereby forming a flow passage through which the heat-
ing-water flows in the sensible heat exchanger 30.
[0065] Specifically, opposite ends of the straight por-
tions 321, 322, 323, and 324 included in the sensible
heat exchange pipe 32 and opposite ends of the sensible
heatinsulation pipes 34 are inserted into the general sen-
sible heat side plates 311 of the sensible heat exchanger
case 31, but are open without being closed. The straight
portions 321, 322, 323, and 324 included in the sensible
heat exchange pipe 32 and the sensible heat insulation
pipes 34 extend from one of the general sensible heat
side plates 311 to the other, and the opposite ends there-
of are exposed outside the general sensible heat side
plates 311. The flow passage cap plates 361 and 362
are coupled to the general sensible heat side plates 311
while covering the general sensible heat side plates 311
from the outside. Accordingly, the flow passage caps of
the flow passage cap plates 361 and 362, together with
the general sensible heat side plates 311, form a con-
nection space that surrounds the ends of the straight por-
tions 321, 322, 323, and 324 and the ends of the sensible
heat insulation pipes 34.

[0066] The flow passage caps included in the flow pas-
sage cap plates 361 and 362 form an empty connection
space, in which fluid is able to flow, between the general
sensible heat side plates 311 and the inner surfaces of
the flow passage caps. The flow passage caps having
the connection space therein may connect two straight
portions adjacent to each other among the plurality of
straight portions 321, 322, 323, and 324 inserted into the
general sensible heat side plates 311, or may connect
the sensible heat insulation pipes 34 and straight portions
adjacent to the sensible heat insulation pipes 34. The
flow passage cap plates 361 and 362 may be coupled to
the general sensible heat side plates 311 through brazing
welding, or may be fit into the general sensible heat side
plates 311. However, the coupling method is not limited
thereto.

[0067] The number of straight portions 321, 322, 323,
and 324 or the sensible heat insulation pipes 34 that the
flow passage caps simultaneously connect is not limited
to the content illustrated in the drawing. Accordingly, the
number of flow passage caps included in one flow pas-
sage cap plate 361 or 362 is also notlimited to the content
illustrated, and a modification can be made to the number
of flow passage caps.

[0068] A flow passage cap may form a series flow pas-
sage in which an inlet of one pipe and an outlet of another
pipe are connected, or may form a parallel flow passage
in which inlets and outlets of connected pipes are com-
mon. Here, an inlet refers to an opening at one end of a
pipe through which the heating-water is introduced into
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the pipe, and an outletrefers to an opening atan opposite
end of the pipe through which the heating-water is re-
leased from the pipe. The pipes include the straight por-
tions 321, 322, 323, and 324 and the first and second
sensible heat insulation pipes 341 and 342. In a case of
forming a series flow passage using the pipes, acoustic
boiling noise generated by the heating-water that flows
slow and is overheated may be reduced, and the heating-
water may be allowed to flow fast. In a case where a
parallel flow passage is at least partially included in the
series flow passage, the load of a pump forcibly delivering
the heating-water may be decreased.

[0069] A straight portion in which one end of the sen-
sible heat exchange pipe 32 is located and that is located
at the outermost position based on the orthogonal direc-
tion is referred to as the first outer straight portion 321.
A sensible heat insulation pipe adjacent to the first outer
straight portion 321 is referred to as the first sensible heat
insulation pipe 341.

[0070] Furthermore, a sensible heat insulation pipe lo-
cated on the opposite side to the first sensible heat insu-
lation pipe 341 in the orthogonal direction is referred to
asthe second sensible heatinsulation pipe 342, a straight
portion adjacent to the second sensible heat insulation
pipe 342isreferred to as the second outer straight portion
322, and straight portions located between the first outer
straight portion 321 and the second outer straight portion
322 are referred to as the intermediate straight portions
323 and 324.

[0071] The first sensible heat insulation pipe 341, the
first outer straight portion 321, the intermediate straight
portions 323 and 324, the second outer straight portion
322, and the second sensible heat insulation pipe 342
may be sequentially connected to form one series sen-
sible heat flow passage, or may form a parallel flow pas-
sage in which inlets and outlets of at least some thereof
are common. One intermediate straight portion 323 and
the other intermediate straight portion 324 may also be
connected in series.

[0072] The pipes may be connected only in series to
form a sensible heat flow passage. For example, inlets
and outlets of pipes adjacent to each other among the
pipes may be connected in series to form a sensible heat
flow passage through which the heating-water is deliv-
ered from the first sensible heat insulation pipe 341 to
the first outer straight portion 321, the intermediate
straight portion 323 adjacent to the first outer straight
portion 321, the intermediate straight portion 324 adja-
cent to the second outer straight portion 322, the second
outer straight portion 322, and the second sensible heat
insulation pipe 342 in sequence. A sensible heat flow
passage configured only in series will be described below
in detail in the description of a sensible heat flow passage
included in a heat exchanger unit according to another
modified example of the first embodiment of the present
disclosure that will be described with reference to FIGS.
10 to 14.

[0073] Asensible heatflow passage may partly include
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aparallel flow passage, and therefore a case where some
of the straight portions 321, 322, 323, and 324 are con-
nected in parallel will be described in the description of
a sensible heat flow passage according to an embodi-
ment of the present disclosure that is described with ref-
erence to FIGS. 8 and 9.

[0074] For example, a parallel flow passage may be
configured as follows. The first sensible heat insulation
pipe 341 and the first outer straight portion 321 may form
a parallel flow passage, the second sensible heat insu-
lation pipe 342 and the second outer straight portion 322
may form a parallel flow passage, the intermediate
straight portions 323 and 324 may form a parallel flow
passage, the first outer straight portion 321 and the in-
termediate straight portion 323 may form a parallel flow
passage, and the second outer straight portion 322 and
the intermediate straight portion 324 may form a parallel
flow passage.

[0075] Furthermore, an entire sensible heat flow pas-
sage may be configured by combining a plurality of par-
allel flow passages among the parallel flow passages
with a series flow passage. For example, when the first
sensible heat insulation pipe 341 and the first outer
straight portion 321 form a parallel flow passage, the par-
allel flow passage, the intermediate straight portions 323
and 324, the second outer straight portion 322, and the
second sensible heatinsulation pipe 342 may be sequen-
tially connected to form one sensible heat flow passage.
In contrast, when the second sensible heat insulation
pipe 342 and the second outer straight portion 322 form
a parallel flow passage, the first sensible heat insulation
pipe 341, the first outer straight portion 321, the interme-
diate straight portions 323 and 324, and the parallel flow
passage may be sequentially connected to form one sen-
sible heat flow passage. Furthermore, in a case where
parallel flow passages are formed in the above-described
two portions, the parallel flow passages may be connect-
ed with the intermediate straight portions 323 and 324
located therebetween to form one sensible heat flow pas-
sage.

[0076] A case where a parallel flow passage receives
the heating-water first when the heating-water is intro-
duced into the sensible heat exchanger 30 will be de-
scribed in the first embodiment of the present disclosure.
The first outer straight portion 321 and the first sensible
heat insulation pipe 341 may be connected in parallel
and may receive and discharge the heating-water togeth-
er. A heating-water supply hole 371 may be formed in
the inlet flow passage cap 3621 among the flow caps
included in the second flow passage cap plate 362 that
covers the second general sensible heat side plate 3112.
The heating-water supply hole 371 may be an opening
thatreceives the heating-water from a heating-water pipe
and delivers the heating-water to the inlet flow passage
cap 3621. The heating-water supply hole 371 may con-
nect a sensible heat flow passage and a latent heat flow
passage by receiving the heating-water discharged from
the latent heat exchanger 40.
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[0077] The inlet flow passage cap 3621 connects one
end of the first outer straight portion 321 and one end of
the first sensible heat insulation pipe 341 that is adjacent
to the one end of the first outer straight portion 321. While
the heating-water is supplied to the inlet flow passage
cap 3621 through the heating-water supply hole 371, the
heating-water is introduced into the one end of the first
outer straight portion 321 and the one end of the first
sensible heat insulation pipe 341 that are connected to
the inlet flow passage cap 3621.

[0078] The heating-water passes through the first out-
er straight portion 321 and the first sensible heat insula-
tion pipe 341 and reaches the first flow passage cap 3611
of the first flow passage cap plate 361 located on the
opposite side to the second flow passage cap plate 362
based on the sensible heat exchange pipe 32. The first
flow passage cap 3611 connects an opposite end of the
first sensible heat insulation pipe 341, an opposite end
of the first outer straight portion 321, and the intermediate
straight portion 323 adjacent to the first outer straight
portion 321. Accordingly, 